Abstract. The aim of the present study was to assess the changes in the germinal epithelium in cats of different ages. Routine histological staining was applied to perform morphological and stereological examinations. The animals were divided into five groups according to age: under 8 months (n=28), 8-12 months (n=30), 12-36 months (n=33), 3-6 years (n=14) and older than 6 years (n=13). The appearance of the gonads of the males in the first group varied the most. The seminiferous tubules of the youngest cats consisted of a monolayer of supporting cells and a few spermatogonia. No tubular lumina were present, and the diameters of the seminiferous tubules reached 132.5 µm. We noted the typical arrangement of gametogenic cells with a tubule diameter of 191.83 µm in the second group.
he current description of postnatal development of seminiferous tubules in the cat is rather poor and mainly concerns morphological changes in the gonads of male felines younger than 12 months [1] . However, histological examination of older cats has revealed the degenerative changes in their testes, but only by taking into account the appearance of the connective tissue [2] . In human andrology, the stereological method has been used to assess the number of different cells in the epithelium germinativum [3] . In human testes, the numbers of spermatogonia, primary and secondary spermatocytes and spermatids and spermatozoa are usually examined after hematoxylin/eosin staining [3] . Accurate assessment of testis morphology, sperm composition and the changes taking place in the male gonads is crucial in humans and other species, since this determines their future reproductive ability and enables them to be sperm donors in facilitated reproduction. There is plenty of information available concerning human [4] [5] [6] , bull [7] [8] [9] , boar [10] and stallion [11] germinal epithelium development. Gonad development takes place during the prenatal period. In the postnatal period, neurohormonal, morphological changes result in the testes assuming features that allow them to fulfill their two main activities. The most important activity of the testes is production of male germ cells. The second activity of the testes is production and release of hormones [12] . Spermatogenesis in seminiferous tubules is largely dependent on normal neurohormonal regulation between the hypothalamus, pituitary gland and testes [8, [13] [14] [15] . One or two generations of spermatogonia, spermatocytes and spermatids can normally be seen in the seminiferous epithelia of mature males. The development and differentiation of these epithelium cells has been observed to be a synchronic process during spermatogenesis. In reference to the above, no complete description of feline gonad development including spermatogenesis activity is currently available. Moreover, experiments related to the morphological changes in older cat are normally based on the features of the seminiferous tubules during histological examination [14] ; however, no data is available concerning age-dependent sperm production in testes. The present study investigated and assessed the morphological development of male gonads depending on age and age-related changes in spermatogenesis activity and the diameters of the seminiferous tubules.
Materials and Methods
The materials for the examination consisted of 118 pairs of testes with epididymes from healthy European cats of different ages (between 4 months to 10 years; Table 1 ). The animals were external patients of the Department and Clinic of Reproduction, Ruminant Diseases and Animal Health Protection, Agricultural University of Wroclaw, from an animal shelter in Lodz and a private veterinary clinic in Lapy, Poland. Testes w ith epididymes were collected from healthy cats after routine neutering at the owner's request.
The testes were fixed in 7 % formaldehyde neutralized CaCO 3 for 48 to 72 h. The tissue was embedded in paraffin and cut into 6-µm thick sections using a rotation microtome. The slides were stained by routine hematoxylin and eosin staining.
Fifty cross-sections of seminiferous tubules that were round or nearly round were chosen randomly for each testis, and their diameters were measured using a Nikon Microphot-FXA (Nikon Corporation, Tokyo, Japan) equipped with the Olympus Micro Image software. Furthemore, 50 randomly selected cross-section were histologically evaluated using a light microscope with an EFM-16X Filar Micrometer Eyepiece (LOMO, St. Petersburg, Russia). A quantitative investigation of spermatogenesis was then conducted. For this purpose, the total number of round to elongated spermatids and spermatozoa in a area of 10 mm 2 was evaluated. All analyses were performed using repeated measures ANOVA tests followed by NewmanKeuls Multiple Comparison Tests (GraphPAD PRISM version 4; GraphPad Software, San Diego, CA, USA; P<0.05 was considered significant). Differences between groups were analyzed using TStudent test (GraphPAD PRISM version 4). The obtained data is presented in a table as means ± standard deviation. Values of P<0.05 were considered significant.
Results
The morphometric (the diameter of the seminiferous tubule depending on age) and stereologic (number of sperm and spermatides per 10 mm 2 ) data are presented in Table 1 .
The germinal epithelia of the testes of the group I animals (<8 months) were composed of one layer of cells, and the Sertoli cells (supporting cells) were very visible. A few spermatogonia were observed on the basement membrane. In the cats neutered at four months of age, the lumen of the seminiferous tubule was not present (Fig. 1a) . Changes preceding maturation, such as the presence of mucus in the tubule lumen, were observed (Fig. 1b) . The regular lumen and stratified epithelium were observed in cross-sections of seminiferous tubules at seventh-eighth months of age. Spermatogenesis was only observed in 12 animals in group I. Group I consisted of 28 animals: 2 cats aged 4 months (spermatogenesis not observed), 3 cats aged 5 months (spermatogenesis not observed), 4 cats aged 6 months (spermatogenesis not observed), 10 cats aged 7 months (spermatogenesis was observed in 3 cases) and 9 cats aged 8 months (spermatogenesis was observed).
The typical arrangement of the gametogenic cells was present in the group II animals (8-12 months), with the spermatogonia present in the nearest basement membrane. The tubular lumens of the primary and secondary spermatocytes were visible. Spermatozoa were observed, and elongated and round spermatides were present below them. All cells belonging to the spermatogenic epithelium were connected to supporting cells. The number of spermatides and sperm was 871.00 per 10 mm 2 , and the diameter of the tubule was 191.83 µm.
The germinal epithelia of the group III animals (12-36 months) were multilayered and possessed the most significant production of gametes (Fig. 1c) . We observed 914.44 sperm and spermatides per 10 mm 2 , in and the diameter of the seminiferous tubule reached 202.61 µm.
The diameters of the seminiferous tubules in groups IV and V (3-6 years and >6 years old, respectively) were 193.38 and 191.84 µm, respectively, and the total numbers of spermatids and spermatozoa in a area of 10 mm 2 were 721.60 and 739.70 per 10 mm 2 , respectively. Comparison of the diameters of the seminiferous tubules in both the left and right testes for all the groups revealed that the most important statistical differences (P<0.05) were observed between the first group and all the other groups. There was no statistical difference in diameter of the left testis between groups II and V (P<0.05). The diameters of the left testes of group II, III and IV were statistically different (P<0.05; Table 1 ). The diameters of the right testes in group I were statistically different from those of groups II, III, IV and V (P<0.05). The diameters of the right testes in groups II and V were not statistically different (P>0.05). The diameters of the right testes in groups III and IV were significantly different (P<0.05). No differences were observed between the diameters of the left and right testes in groups I, II, IV and V (P>0.05). The diameters of the left and right testes of group III differed significantly (P<0.001).
The total number of spermatids and spermatozoa in a area of 10 mm 2 in the left testis did not differ statistically (P<0.05) between groups IV and V. However, the total number of spermatids and spermatozoa in a area of 10 mm 2 in the left testis of group I was statistically different (P<0.05) compared with the other groups. There was a statistically significant difference (P<0.05) in the total number of spermatids and spermatozoa in a area of 10 mm 2 in the left testis between groups II and III, II and IV, II and V, III and IV and III and V. No differences in the total number of spermatids and spermatozoa in a area of 10 mm 2 in the right testis were observed (P>0.05) between groups I and V and II and III. However, there was a statistically significant difference (P<0.05) for group I compared with groups II, III, IV (P<0.05) and for group II compared with groups IV, II and V (P<0.05). Different letters indicate significance differences between groups (in column); P<0.05 was considered significant. Asterisks indicate differences between the left and right testis (in row); * P<0.05 and ***P<0.001 were considered significant.
The total numbers of spermatids and spermatozoa in a area of 10 mm 2 in the left and right testes were significantly different in groups I (P<0.001), II (P<0.05) and III (P<0.001).
Discussion
A preliminary histological examination distinguished five groups of animals, depending on age, with typical changes in the germinal epithelium. The first group (<8 months) consisted of immature animals aged 4 to 8 months. This group should be described as juvenile animals as they are too young for potential acquisition of sperm production. The obtained data for his group concerning tubule diameter and total number of spermatids and spermatozoa in a area of 10 mm 2 differed statistically (P<0.05) compared with the other groups. Interestingly, there was statistically an important difference (P<0.001) in sperm number between the left and right testes in this group. This period could be termed as prepubertal/pubertal because of the lack of gametogenic activity in the testes or the presence of some spermatozoa with a large number of morphological abnormalities (data not shown). In the present study, the diameter of the seminiferous tubule reached 132.50 µm. In the earliest studies of Sánches et al. [1] , the diameter of the seminiferous tubules of 5, 6 and 7 month old cats was 105.00 µm. This age was named the maturation period because of the presence of spermatogenesis [1] . In our opinion, this age is too early to be described as adulthood for domestic cats living in our climate. However, cases with normal gametogenic activity have been observed, but only in seven month old animals. Similar to the result of Sánches's et al. [1] , connective tissue was observed in the testes of young cats.
The second group (8-12 months) consisted of 30 cats. Some authors propose to name this the adolescence period [1] . Taking into account the morphologically varied appearance of the germinal epithelium and presence of morphologically abnormal sperm in the epididymes, we proposed to name this period puberty, not maturity. In França and Godhino's [17] study, the diameter of the seminiferous tubules of adult cats reached 220 µm; however, we did not obtain this large a measurement in any of our groups. The appearance of the lumen of the seminiferous tubules depends on the increase in fluid in the central compartment of the tubule produced by supporting cells as a result of hormonal stimulation [17, 18] . We demonstrated that the diameter of the right testis did not differ statistically (P>0.05) among groups II, III and V. This suggests that cats mature between 8-12 months. However, there was a significant difference in diameter of the left testis between group II and groups I, III and IV (P<0.05); there was no significant difference between groups II and V (P>0.05). The result indicates that the tubule diameter may differ during lifetime. One of the reason may for this be different fluid production by Sertolli cells [17, 18] .
Kirkpatrick et al. [18] demonstrated that the germinal epithelium begins to produce sperm at 8 months of age and that spermatides can be observed in the lumen of seminiferous tubules in animals above 8 months of age, irrespective of the season. However, our study pointed to the period between 8 to 12 months of age being a rather temporary stage in preceding adolescence. This is in agreement with Elcock and Schoning's [2] study, which is based on the degenerative changes appearing in cat testes at different ages.
In group III (12-36 months), the increase in the diameter of the seminiferous tubule reached 202.61 µm, and the differences between the diameters of the left testes in all groups were statistically significant (P<0.05). The diameters of the right testes of the group III cats (12-36 months) were statistically different (P<0.05) compared with groups I and IV. A statistically significant difference (P<0.001) was observed between the diameters of the left and right testes in group III. The highest number of spermatides and sperm were observed in this group compared with the other groups. We attempted to investigate whether season changes in the gametogenic epithelium of domestic cats, such as epithelium involution, could be observed. Changes in testicular size and weight and appearance of the seminiferous epithelium have been observed in some animals with seasonal breeding activity, such as raccoon dogs [19] , bank voles [20] and silver foxes [21] . In these species, the diameters of the seminiferous tubules are lower during the non-breeding season and spermatogenesis changes seasonally. All types of spermatogenic cells may be found during the breeding season [19] . We did not notice any significant changes in the appearance of spermatogenic cells in our examinations of domes- The seminiferous tubules of cats aged 1-3 years old were characterized by the facts that they possessed the most regular lumens, the largest diameters and multilayer epithelia.
tic cat testes. The photoperiod does not affect animals kept at home in unchanging light conditions. A small amount of interstitial connective tissue was present. The data concerning the diameters of the seminiferous tubules in groups IV (3-6 years) and V (>6 years) demonstrate that there was a statistically significant difference between group IV compared with the others groups in relation to the left testis (P<0.05) and between group IV compared with group I and III in relation to the right testis. Moreover, the activity of spermatogenesis diminished in groups IV and V and reached 721.60 and 739.70 per 10 mm 2 , respectively; these were statistically different (P<0.05) compared with the groups II and III left and right testes. The differences between the group IV and V left and right testes were not statistically important (P>0.05). However, the number of sperm/spermatids per area is a rather indirect index of sperm producing activity, and the senile changes in the testes may be the results of the thickness of adventitia and the number of interstitial cells increasing with age [2] . The decrease in mature germ cells could be the result of a diminished number of spermatogonia in the older cats; however, despite an increase in interstitial cell number, Elcock and Schoning did not observe a decrease in tubule diameter [2] .
No differences in the tubule diameters between left and right testes or in total numbers of spermatids and spermatozoa in a area of 10 mm 2 were observed (P>0.05) in groups I, IV and V. However, a significant difference (P<0.001) was observed between the diameters of the left and right testes of group III. Statistically important differences (P<0.001) were observed for germ cell number in the left and right testes of the youngest cats (<8 months) and in group III (12-36 months). We do not know the reason for these results, especially taking into account such a great difference in group I (the right testis contained almost two times the total number of spermatids and spermatozoa in a area of 10 mm 2 as the left testis). Taking this data into account, it seems reasonable to collect cells for assisted reproductive techniques or cell culture from cats older than eight months of age because of the functionally and morphologically immature testes of younger animals. This study provides a baseline for future study concerning local immune and endocrine regulation in cat gonads. The potential development of different cells isolated from feline testes for cell culture plays an important role in in vitro study. The number of sperm/spermatids per area gives indirect information about spermatogonia activity at different ages and helps with selection of the best group of animals for in vitro experiments.
In conclusion, development of the male gonads of pet cats occurs before 8 months of age, and this prepares the testes to fulfill their endocrine and external secretion functions. Regular spermatogenic activity, which occurs when the cat reaches the puberty, begins after 8 to 12 months of age. The most significant epithelial divisions occur in males between 1 to 3 years of age.
